Carbohydrate-lectin recognition of sequence-defined heteromultivalent glycooligomers.
Multivalency as a key principle in nature has been successfully adopted for the design and synthesis of artificial glycoligands by attaching multiple copies of monosaccharides to a synthetic scaffold. Besides their potential in various applied areas, e.g. as antiviral drugs, for the vaccine development and as novel biosensors, such glycomimetics also allow for a deeper understanding of the fundamental aspects of multivalent binding of both artificial and natural ligands. However, most glycomimetics so far neglect the purposeful arranged heterogeneity of their natural counterparts, thus limiting more detailed insights into the design and synthesis of novel glycomimetics. Therefore, this work presents the synthesis of monodisperse glycooligomers carrying different sugar ligands at well-defined positions along the backbone using for the first time sequential click chemistry and stepwise assembly of functional building blocks on solid support. This approach allows for straightforward access to sequence-defined, multivalent glycooligomers with full control over number, spacing, position, and type of sugar ligand. We demonstrate the synthesis of a set of heteromultivalent oligomers presenting mannose, galactose, and glucose residues. All heteromultivalent structures show surprisingly high affinities toward Concanavalin A lectin receptor in comparison to their homomultivalent analogues presenting the same number of binding ligands. Detailed studies of the ligand/receptor interaction using STD-NMR and 2fFCS indeed indicate a change in binding mechanism for trivalent glycooligomers presenting mannose or combinations of mannose and galactose residues. We find that galactose residues do not participate in the binding to the receptor, but they promote steric shielding of the heteromultivalent glycoligands and thus result in an overall increase in affinity. Furthermore, the introduction of nonbinding ligands seems to suppress receptor clustering of multivalent ligands. Overall these results support the importance of heteromultivalency specifically for the design of novel glycoligands and help to promote a fundamental understanding of multivalent binding modes.